Stratum corneum chymotryptic enzyme (SCCE) is a recently discovered serine proteinase, which has been purified from human plantar stratum corneum. Evidence has been presented that it may play a role in the terminal stages of epidermal turnover, especially in desquamation. Two mouse monoclonal antibodies (MAb) were raised, TE4b and TE9b, that reacted spe&cally with SCCE in immUnoprecipitation, immunoblotting, and gel-exclusion chromatography. When used in immunohistochemical experiments with the peroxidase-anti-peroxidase method, both MAb detected an antigen located in high suprabasal keratinocytes of the epidermis in normal human skin and at the vermilion border of the lip, with maximal staining of the stratum granulosum. In the hair follicles the MAb reacted with the inner root sheet only. In human oral mucosa the MAb stained the high suprabasal epithelial cells of the hard palate. This is a site where the epithelium forms an orthokeratotic stratum cor-
Introduction
Keratinized squamous epithelia are characterized by their ability to form a stratum comeum with important physicochemical barrier functions. In humans, keratinizing squamous epithelia are found in the epidermis of the skin that forms the stratum corneum, in the inner root sheet of the hair follicle, and in the masticatory mucosa of the mouth, i.e., in the hard palate, parts of the gingiva, and parts of the dorsum of the tongue. In the keratinization process the epithelial cells, the keratinocytes, go through a differenti-Supported by grants from the Edvard Welander Foundation, the Finsen Foundation, the Swedish Psoriasis Association, and the Medical Faculty of Umei. * Correspondence to: B. Sondell, Dept. Dermatology, University Hospital, S-901 85 Umei, Sweden. neum. There was no specific staining of the epithelium of the lip mucosa or the buccal mucosa, where the epithelium does not form a stratum comeum under non-pathological conditions. A correlation therefore seems to exist between the presence of SCCE in high suprabasal cells and the ability ofthe epithelium to form an orthokeratotic c o d z e d lap.
We suggest that SCCE is specifically expressed in keratinizing squamous epithelia and that its expression may be part of the terminal Werenthion program of this type of epithelium. These results also give further support to the idea that SCCE may play a role in the turnover andlor formation ation program resulting in the expression of a number of tissuespecific structural proteins and enzymes involved in the continuous formation and turnover of the comified layer (6).
During the terminal stages ofepidermal differentiation and turnover. a number of events are taking place that involve proteolytic degradation or modifications of intraas well as extracellular components of the keratinocytes. Profiigrin is proteolytically processed to filaggrin (13) . The disappearance of all intracellular structures during cornification, except for the densely packed cytokeratin fdaments, is also likely to involve proteolysis. Cytokeratin peptides themselves are proteolytically modified during the transition between non-cornified and comified cell layers (2JlJ4). Furthermore, in the end stage of epidermal turnover, surface cells lose their cohesiveness in a process involving proteolytic degradation of intercellular structures and are shed in the process of desquamation (4, 10, 19, 20) .
A number of epidermis-specific proteinases are therefore likely to exist. In general, however, there is a lack of knowledge about such enzymes. This has been particularly true for desquamation, a process that must proceed in a well-regulated manner to balance de novo production of the stratum corneum without disturbing the barrier functions of this tissue. A proteinase involved in desquamation can be expected to carry out its catalytic activity in the stratum corneum extracellular space. Since there is no protein synthesis in the stratum comeum, enzymes functioning in this tissue must be produced, stored, and possibly secreted by cells in deeper, still viable epidermal layers.
In recent studies it has been shown that hypertrophic human plantar stratum corneum can be used as an in vitro model for desquamation (20). The unipolar cell shedding taking place in this system is accompanied by degradation of the transmembranal desmosomal protein desmoglein 1 (19). The cell shedding as well as the degradation of desmoglein 1 can be inhibited by proteinase inhibitors (18-20). The inhibitor profile for these two processes is the same as for a recently discovered serine proteinase, stratum corneum chymotryptic enzyme (SCCE). SCCE, which is present in human stratum comeum of palmoplantar (9) and non-palmoplantar (17) origin, has been purified from plantar stratum corneum and has been shown to differ significantly from other known chymotrypsin-like enzymes. It has a molecular weight around 28 KD and contains carbohydrates (7). By enzymatic methods it has been shown to be active in the stratum corneum extracellular space (8). This, together with an inhibitor profile compatible with it being responsible for the degradation of cohesive intercelhlar structures during in vitro desquamation and a pH dependency allowing it to be active in the stratum corneum in vivo (9,17), has been taken as evidence for its possible function during physiological desquamation.
In the present work we report production and characterization of monoclonal antibodies (MAb) to SCCE. The antibodies were used to localize SCCE in normal human skin and oral epithelium. Evidence that SCCE is expressed only in comlfying squamous epithelia and therefore that it may be a differentiation-specific epidermal enzyme with a function in stratum corneum turnover will be presented.
Materials and Methods
Rabbit anti-mouse immunoglobulins, peroxidase-mouse anti-peroxidase (PAP-mouse), and mouse cytokeratin MAb K92 were purchased from Dakopatts (Hagersten, Sweden). Mouse MAb to pregnancy zone protein (MAb PZ, IgGIK) was from the laboratory of T. Stigbrand. Alkaline phosphatase-conjugated goat anti-mouse immunoglobulin was purchased from BioRad (Richmond, CA). Sephacryl S-200 HR and protein A-Sepharose CL 4B were obtained from Pharmacia LKB Biotechnology (Sollentuna, Sweden), The chromogenic proteinase substrate MeO-Succ-Arg-Pro-Tyr-pnitroanilide (S-2586R) was from Kabi Diagnostica (Stockholm, Sweden).
Mouse Monoclonal Antibodies to SCCE. Purification of SCCE from plantar stratum corneum has been described elsewhere (7) . In brief, spontaneous cell dissociation was induced in plantar stratum corneum by incubation in 0.1 M Xis-HC1, 5 mM EDTA, pH 8, at 37°C. SCCE was extracted from washed, dissociated cells with 1 M KCI, pH 8, and further purified by affinity chromatography on a column with covalently linked soybean trypsin inhibitor. The purity obtained was more than 90%. as judged from SDS-PAGE. Balbk mice were injected SC with approximately 30 pg of pu-rified native SCCE in complete Freund's adjuvant. The mice were injected with the same amount of SCCE in incomplete Freund's adjuvant after 1 month. Four months after the first injection, one mouse was given IV booster injections on 3 consecutive days, 30 pg of antigen per injection. Hybridomas were produced as previously described ( 3 ) with cells of the SP2/0 myeloma cell line. Identification of antibodies reacting with the purified SCCE preparation was carried out by ELISA. Culture supernatants from positive clones were further analyzed by immunoblotting after SDS-PAGE. Clones producing antibodies reacting with SCCE in this test were propagated in mouse ascites fluid, and antibodies were purified by protein A affinity chromatography and characterized as previously described (3). Two useful antibodies were obtained, MAb TE4b and MAb TE9b. both of which were classified as IgGIK.
Enzyme Preparations and Tissues. The source of SCCE used in the characterization of antibodies was either a KCI extract of dissociated plantar corneocytes prepared as previously described (7) or SCCE purified by affinity chromatography (7). Human skin was obtained as 3-mm punch biopsy specimens taken under local anesthesia from either the gluteal region, the chest, the forearm, or the ulnar aspect of the palm of volunteers with normal skin. Samples from a total of three men and three women were examined. Samples of human skin and oral mucosa were obtained within 48 hr of death from corpses that had been submitted to the Department of Forensic Medicine for autopsy. Cases with no previous history of diseases of the skin or mucous membranes were selected.
Electrophoresis, Immunoblotting, and Zymography. SDS-PAGE was carried out according to Laemmli (16) . Proteins were stained with Coomassie blue. Nitrocellulose membranes with electrophoretically transferred proteins (27) were blocked ( 5 ) . and reacted with primary antibodies, followed by alkaline phosphatase-conjugated second antibodies and color development (1). Zymography in acrylamide gels co-polymerized with heat denatured casein was performed as described (9) according to Horie et al. (15) . Further details are given in the figure legends.
Immunoprecipitation. Two hundred and fifty pl of a KCI extract of dissociated plantar corneocytes, which had been concentrated fivefold by ultrafiltration and dialyzed against PBS, and to which bovine serum albumin had been added to a final concentration of 10 mg per ml, was mixed with 10 p1 of antibody solution or PBS and incubated for 15 hr at 4'C. Sedimented protein A-Sepharose 25 pl was then added to the tubes and the incubations continued with gentle shaking at room temperature (RT) for 2 hr. The protein A-Sepharose gel was recovered by centrifugation and washed five times with 1 ml of 0.05% Tween 20 in 0.05 M %is-HCI, pH 7.5, 0.5 M NaCI. After the final wash the gel was extracted with 100 pl of Laemmli's sample buffer (16) without reducing agent for 1 hr at RT. The extracts were cleared by centrifugation and applied on an electrophoresis gel for zymography.
Gel-exclusion Chromatography of SCCE-Anti-SCCE Complexes and Colorimetric Assay of SCCE Activity. One ml of a KCI extract of dissociated plantar corneocytes with approximately 1 pg of SCCE (estimated on the basis of the specific activity of purified SCCE against S-2586 and total yields in the purification procedure) was incubated with 10 pg of antibody at 4'C for 15 hr and then applied on a 90 x 1.6-cm column of Sephacryl S-200 HR in 1 M KCI, 0.1 M Tris-HCI, pH 8, at a flow rate of 24 ml/hr. Fractions with a volume of 4 ml were collected. Chymotrypsin-like activity was determined as previously described (9). One hundred p1 from each reaction was mixed with 25 pl of S-2586, 5 mM in distilled water, and incubated for 15 hr at 37'C. The color development was measured as absorbance at 405 nm and after correction for blank incubations was taken as a measure of enzyme activity.
Immunohistochemical Procedure. Cryosections 7 pm thick were fixed in cold acetone and treated with 5% normal rabbit serum before being incubated with MAb. Bound antibodies were detected with the PAP method STRATUM CORNEUM CHYMofaypnC ENZYME (25) using diaminobcnzidine as the chromogenic substrate. Since the antigen reacting with the SCCE-specific antibodies was found to be solubilized from the acetone-fixed tissue sections with buffers containing NaCI. m n at isotonic concentrations. all treatments of the sections were carried out in 0.1 M Tris-HCI. pH 7, cxccpr for three 5-min washes after the incubations with the rabbit anti-mouse anriserum and the peroxidase-anripcroxidase reagent, which were carried out with PBS. or one 5-min wash in 0.1 M Tris-HCI. 0.9 M NaCI. p H 7. after the rahbit antiserum. These washes servcd to reduce nonspccific background staining and apparently did not affect the staining pattern with the SCCE-specific antibodies. as enzyme in the KCI extract. The antibodies did not precipitate minor caseinolytic enzymes in the extract of around 30 KD. In addition to the 25 KD caseinolytic enzyme. the antibodies seemed to bind to a minor 80 KD proteolytic component. This component is usually present in KCI extracts of plantar corneocytes prepared from tissue that has been dried before preparation. but is not found in preparations of fresh tissue (T. Egelrud, unpublished observation). It is not present in SCCE preparations purified by affinity chromatography, and may represent an aggregation product. It has not been possible to detect a corresponding component reacting with the antibodies on immunoblots.
Results

Immunochemical Characterization of SCCE-specz& Monoclonal Antibodies
On immunoblou of SDS-PAGE gels run under non-reducing conditions ( Figure IC Lanes 3 and 5) . both ofwhich had the same apparent molecular weight as the major purified protein and the major caseinolytic component on zymograms. On immunoblots of extracts of plantar stratum corneum with SDS but no reducing agent at RT (not shown), the two antibodies detected only one component. the apparent molecular weight of which was the same as the protein detected in the purified SCCE preparation. The antibodies were unreactive with samples that had been reduced in the pmence of SDS.
suggesting that they are directed against conformation-dependent epitopcs.
AI1 enzyme activity towards the chymotrypsin substrate S-2586 in KCI extracts of dissociated plantar comcocytcs. when analyzed by gel exclusion chromatography, co-chromatographed with the caseinolytic activity in the extract associated with SCCE (9). MAb TE4b and MAb TE9b did not inhibit the S-2586-hydrolyzing activity (results not shown). Gel-exclusion chromatography showed that in KCI extracts of corneocytes they did, however. bind the responsible enzyme ( Figure 2 ). With extracts that had been incubated with MAb TE4b and MAb TE9b before chromatography, the S-2586-hydrolyzing activity was recovered at an elution volume that would be expected for a mixture of unbound enzyme and a 1:1 complex between enzyme and antibody. After incubation of extracts with the control antibody, all S-2586-hydrolyzing activity had an elution profile similar to that obtained with KCI extracts alone (9). The mults of these experiments suggest that the affinity for SCCE is higher for MAb TE4b than for MAb TE9b.
Immunohistochemical Localization of SCCE
The staining pattcms in normal skin and oral mucosa of MAb TE4b and MAb TE9b were indistinguishable. In non-palmoplantar epidermis. the antibodies produced strong cytoplasmic staining of keratinocytes in the upper spinous and granular layers, with maximal intensity in the granular layer (Figures 3a and 3b ). There appeared to be no staining of structures in the intercellular spaces of the nucleated epidermal cell layers. There was weak staining of basal cells and the lowermost suprabasal cells. the intensity of which was usually slightly higher with the two SCCE-specific antibodies than with the control antibody (Figure 3c ). The staining of the stratum corneum was irregular, with areas with spotty granular staining alternating with unstained areas (Figures 3a and 3b) . The intensity or extent of the staining of the stratum corneum could not sections with Triton X-100, or by formaldehyde fixation. In hair follicles (Figure 4) there was a narrow band corresponding to the inner root sheet that was strongly stained with the SCCE-specific antibodies; other portions of the follicular epithelium were not stained. In palmar epidermis (results not shown). a pattcm analogous to the pattern in non-palmoplantar epidermis was found.
With tissue samples from the lip and the oral cavity, there secmed to be a correlation between positive staining by the two SCCEspecific MAb and the presence of a cornified layer. At the vermilion border of the lip (Figure sa) the antibodies stained suprabasal epithelial cells in a way similar to what was found for non-palmosc. plantar epidermis. In the transition zone between the vermilion border and the lip mucosa the staining was spotty, with altemating stained and unstained suprabasal areas (results not shown). At some distance from the vermilion border, the lip mucosa ( Figure  Sb) was entirely unstained, as was buccal mucosa (Figure 6b ). This was in marked contrast to thecomified epithelium of the hard pal- ate (Figure 6a ), which showcd a staining pattern very similar to
The staining patterns of lip epidermis and oral mucosa with the SCCE-specific MAb and MAb K92, reacting with the epidermisspecific cytokeratins 10 and 11. were found to be closely related. In agreement with the results of others (22). we found that K92 stained suprabasal keratinocyte at the vermilion border. gave spotty staining in the transition zone between the vermilion border and the lip mucosa, and stained suprabasal cells in the epithelium of the hard palate. It gave no staining of the lip mucosa closer to the floor of the mouth or of buccal mucosa (results with MAb K92 not shown).
Discussion
In terminal differentiation of keratinizing squamous epithelia such as human epidermis. dramatic morphologic changes occur (6). The responsible cellular mechanisms can be expected to involve a number of tissue-specific enzymes, among them proteinase. Knowledge about these enzymes should be of value for the understanding not only of epidermal differentiation and turnover but also of organ-specific skin diseases. Only a few enzymes specific for keratinizing squamous epithelia are known. Among these are epidermal transglutaminase (24.26). responsible for the cross-linking of protein precursors during the formation of the corneocyte cell envelope, and a proteinase that processes pro-filaggrin to filaggrin (23).
In this work, evidence has been presented that SCCE may be specifically expressed by keratinizing human squamous epithelia. We have described the production and characterization of two MAb that react specifically with SCCE, as shown by immunoprecipitation, immunoblotting, and gel-exclusion chromatography. When used in immunohistochemistry these MAb specifically stained human squamous epithelia at sites where there is keratinization: in normal skin, at the vermilion border of the lip, in the hard palate, and in the inner root sheet of the hair follicle. Maximal staining intensity was observed intracellularly in parts of the epithelia that are close to the transition between viable and cornified cell layers. In contrast, no specific staining by the SCCE-specific antibodies was found in non-keratinizing oral squamous epithelium or in the outer root sheet of the hair follicle. These results suggest that the function of SCCE is specifically related to the keratinization process. Although SCCE has several properties compatible with a role in desquamation, it remains to be proven that this really is the physiological function of the enzyme. At present it cannot be excluded that SCCE has other or additional functions in the many steps involved in terminal epidermal differentiation that involve proteolysis, nor can it be excluded that other proteinases, in addition to SCCE, may play roles in the degradation of stratum corneum intercellular cohesive structures.
Evidence in support of a role for SCCE in the formation and turnover of the stratum corneum, and that the expression of SCCE may be part of a tissue-specific differentiation program, has also been obtained by in viuo studies on reconstructed human epidermis grown at the water-air interface (21). In this system cell proliferation is stimulated but the formation of an orthokeratotic stratum corneum is inhibited by retinoic acid at pharmacological concentrations. SCCE was shown to be expressed in a pattern similar to normal skin by high suprabasal keratinocytes in the reconstructed epidermis at concentrations of retinoic acid in the culture medium that did not inhibit the formation of a stratum corneum. However, at a concentration of retinoic acid where no stratum corneum was formed and the expression of several differentiation-specific cell markers was repressed (21), SCCE could no longer be detected in suprabasal keratinocytes (12).
Previous studies have shown that SCCE is present in human stratum corneum. SCCE has been purified from plantar stratum corneum (7) and can also be detected in extracts of non-palmoplantar stratum corneum (17). Despite these facts, it has been difficult to conclusively demonstrate the presence of SCCE in the stratum corneum using immunohistochemical techniques. This could be due to difficulties for the antibodies to penetrate into sites where the enzyme is located, possibly due to the lipid-rich intercellular material in the stratum corneum. Another possible explanation could be antigen masking in the stratum corneum, also found with other antigen-antibody systems.
Future goals for studies on SCCE will be to elucidate the function as well as the regulation of SCCE in epidermal turnover. This will include efforts to localize SCCE on a subcellular level in the viable epidermal layers as well as in the stratum corneum, and to search for inactive pro-forms of the enzyme. 
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